Context. The census of stellar and substellar companions of nearby stars is largely incomplete, in particular towards the low mass brown dwarf and long-period exoplanets. It is however of fundamental importance to understand the stellar and planetary formation and evolution mechanisms. Nearby stars are particularly favorable targets for high precision astrometry. Aims. We aim at characterizing the presence of physical companions of stellar and substellar mass in orbit around nearby stars. Methods. Orbiting secondary bodies influence the proper motion of their parent star through their gravitational reflex motion. Using the Hipparcos and Gaia DR2 catalogs, we determine the long-term proper motion of the nearby stars common to these two catalogs. We then search for a proper motion anomaly (PMa) between the long-term proper motion vector and the Gaia DR2 (or Hipparcos) measurements, indicative of the presence of a perturbing secondary object.
Introduction
In the present work, we examine the proper motion (hereafter PM) of the nearby stars located within 50 pc from the Sun using the Hipparcos catalog (van Leeuwen 2007, hereafter 'Hip2', see also Perryman et al. 1997 ) and Gaia's Second Data Release (hereafter GDR2; Gaia Collaboration et al. 2016b Collaboration et al. , 2018a . Developing the approach presented by Kervella et al. (2018) , we take advantage of the long time baseline of 24.25 years between the Hipparcos and GDR2 position measurements to determine the mean long-term PM vectors of nearby stars with a high accuracy. We then compare this vector to the individual measurements obtained by Gaia and Hipparcos to test for the presence of anomalies that indicate the presence of an orbiting secondary body. This is the principle employed by Bessel (1844) to discover the white dwarf companion of Sirius. For a single star, the position of the photocenter coincides with that of the center of mass. The presence of faint secondary object results in a shift of the barycenter of the system away from its photocenter (located close to the star's position), whose orbital motion induces a 'virtual' orbital displacement of the photocenter around the center of mass. We measure this offset as a 'proper motion anomaly ' (hereafter PMa) , that is, a difference between the longterm PM vector and the 'instantaneous' PM vector from the Hip2 or GDR2 catalogs. As the PMa depends simultaneously on the mass and orbital radius of the secondary object, it offers the possibility to set limits on the possible combinations of these two parameters.
We present in Sect. 2 the different sources of observational data and models that we used for our analysis (astrometry, radial velocity...). Sect. 3 is dedicated to a description of the computation of the PMa quantity for the stars of our sample. We quantify in Sect. 4 the sensitivity of this indicator to the presence of close-in orbiting companions, as well as the case of resolved binaries with stellar mass companions. Sect. 5 is dedicated to an overview of the statistical properties of the examined stars and of their companions, and we discuss in Sect. 6 a selected sample of interesting individual objects (Proxima, Barnard's star, β Pic...).
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Observational data
For the collection of most of the data used in the present work, we used extensively the astroquery set of tools (Ginsburg et al. 2017 ) distributed as part of the Astropy library to access the ViZieR online database (Ochsenbein et al. 2000) at the CDS. For simplicity, we note µ α the PM along the right ascension axis µ α cos(δ).
Selected sample
We extracted from the GDR2 catalog (Gaia Collaboration et al. 2018a ) the objects that are located within 50 pc from the Sun ( > 20 mas). As our goal is to compare the measurements from the Hipparcos and Gaia missions, we set a maximum G band magnitude of 13, in order to cover the full range of the Hipparcos catalogue, resulting in a list of 17518 GDR2 sources. We preferred to start from the Gaia DR2 catalogue rather than from the Hipparcos catalog, to take advantage of its exhaustivity and evaluate the completeness of our sample. The selected sample is however not exhaustive, due both to the saturation limit of Gaia that excludes the brightest stars and to the limiting magnitude of the Hipparcos catalog. For instance, α Centauri AB, Sirius A, Procyon A and most of the brightest stars are absent from our selection, although they are present in the Hipparcos catalog. A discussion of the completeness of our sample is presented in Sect. 5.1. A total of 6741 stars within 50 pc are present in both the Hipparcos and GDR2 catalogs. For these stars, the computation of the mean PM vector µ HG and the analysis of their PMa is presented in the present paper and its associated online catalog.
Astrometry

Hipparcos astrometry
The position, PM and parallax data of our sample are taken from the revised Hipparcos reduction by van Leeuwen (2007) and the GDR2 (Gaia Collaboration et al. 2018a) catalogs. We checked that the results of our computations do not depend significantly on the chosen version of the Hipparcos reduction. We computed the PMa of a representative set of objects using the original Hipparcos catalog positions (Perryman et al. 1997; ESA 1997 ) and we did not notice significant difference in the results.
Basic Gaia DR2 corrections
The zero point of the parallax of the GDR2 has been corrected by adding a constant +29 µas to the catalog value. This global offset correction was derived by Lindegren et al. (2018) and Arenou et al. (2018) (see also Sahlholdt & Silva Aguirre 2018) from QSOs fainter than G = 17. The amplitude of this systematic correction may be different for bright objects, but the present analysis does not rely on a high accuracy of the parallax.
The GDR2 PM vector µ G2 = µ α , µ δ was corrected for the rotation of the Gaia reference frame (Gaia Collaboration et al. 2018b ) reported by Lindegren et al. (2018) using the expressions given in Sect. 2.3 of Kervella et al. (2018) .
As a complement, we retrieved the record of the stars present in the Gaia DR1 catalog (Gaia Collaboration et al. 2016b,a; Arenou et al. 2017) , that are discussed for specific cases in Sect. 6. For Proxima and Barnard's star, we also considered the PM and parallax measurements from the Hubble Space Telescope Fine Guidance Sensor reported by Benedict et al. (1999) (hereafter 'FGS'), whose mean measurement epochs were derived using the observing log listed by Benedict et al. (1998) . They are discussed respectively in Sect. 6.2 and 6.3.
Renormalized unit weight noise
To check for the peculiar behavior of a given object of the GDR2 catalog compared to the objects of similar brightness and color, we adopted the formalism of the renormalized unit weight error (RUWE, hereafter noted ) introduced by Lindegren. It is based on the combination of the astrometric χ 2 , the number of good observations N, the G magnitude and the color index C = G BP − G RP through:
The values of the empirical function u 0 (G, C) are available on the Gaia web site 1 . In absence of color index C, a single dimensional u 0 (G) is also available. Lindegren proposes a limit of < 1.4 to consider a record as 'well behaved' in the GDR2 catalog. Most of the stars in our sample satisfy this criterion, however, due to the general difficulty of the observation of bright objects with Gaia, the derived companion masses using the astrometric excess noise i (see Sect. 4.5) are unreliable for the stars near the Gaia saturation limit (G ≈ 3) as, e.g., β Pic (Sect. 6.19). In some relatively rare cases, as, e.g., Ross 614 (see Sect. 6 .10), the RUWE is high ( = 11.9) due to the presence of a massive stellar companion (Ross 614 B) located very close to the target and contributing to its astrometric position measurement error. For such an object, the measured astrometric excess noise i is due to the unresolved stellar companion contribution in flux and color.
Radial velocity
Although the determination of the PMa relies on the comparison of the tangential PM vectors at two epochs, the radial velocity (hereafter RV) must be taken into account for nearby targets to accurately extrapolate the GDR2 parallax to the Hipparcos epoch (Sect. 3.2), and also to take into account the changing geometrical projection of the velocity vector with time. For the RV of the stars of our sample, we considered by order of decreasing priority the catalogs of 1. Nidever et al. (2002) , 2. Soubiran et al. (2018) , 3. Holmberg et al. (2007 ), 4. Gaia Collaboration et al. (2018a from Gaia's Radial Velocity Spectrometer Katz et al. 2018 ), 5. de Bruijne & Eilers (2012 , These catalogs provide respectively 9%, 28%, 24%, 27% and 9% of the radial velocities of the 6741 processed stars. For 3% of the sample (174 stars) the RV is unavailable, and its value is set to zero in the computations with an uncertainty of ±50 km s −1 . The radial velocities of white dwarfs (hereafter WD) are notoriously difficult to measure and they are unavailable for a significant part of our WD sample. The impact of RV projection effects on the determined PMa is usually negligible for targets located at distances 5 pc, but for closer targets without RV measurement, the determined PMa should be considered provisional. If not already done in the searched catalogs, we corrected the RVs for the differential gravitational redshift of each star with respect to the solar value (+633 m s −1 ) using the following stellar mass and radius estimates:
-The (K, V − K) surface brightness-color relations by Kervella et al. (2004) for the radius, and the isochrones by Girardi et al. (2000) for the masses of stars with M K 4.5. -The mass and radius relations calibrated by Mann et al. (2015) based on the absolute K band magnitude for K and M dwarfs (4.5 < M K 10). -The WD physical parameters were taken from the catalog by Holberg et al. (2016) . When not available for a given star, the (K, V − K) surface brightness-color relation by Kervella et al. (2004) was employed to estimate the radius, and a fixed mass of 0.6 ± 0.2 M was assumed (from the mass distribution by Finley et al. 1997 , see also Giammichele et al. 2012 ).
The gravitational redshift correction has usually a negligible effect on the determined PMa, except for the nearest WDs. The convective blueshift (see e.g., Chiavassa et al. 2018a) has not been corrected. It adds an uncertainty of the order of 300 m s −1 , that was taken into account in the computation but that has a fully negligible effect on the resulting PMa uncertainty. The transverse relativistic redshift is negligible in all cases.
For Proxima (GJ 551), we adopt the absolute barycentric RV of v r = −22 204±32 m s −1 determined by Kervella et al. (2017) 
Additional data
We completed the information on each target with the m K magnitude from the 2MASS catalog (Skrutskie et al. 2006 ), the visible m V magnitude from the NOMAD catalog (Zacharias et al. 2004) as well as the information on known binary and multiple systems present in the WDS catalog (Mason et al. 2001 ). The interstellar reddening was neglected for all stars considering their proximity.
Proper motion anomaly
Definition
For an isolated single star without intrinsic morphological change (e.g., from spots, or convection, see Chiavassa et al. 2011; Morris et al. 2018; Chiavassa et al. 2018b) , the motion of its photocenter is rectilinear and uniform, and the PM vector is therefore constant in direction and norm. For a binary system, the presence of the secondary mass will shift the barycenter (center of mass) away from the primary star. Due to the photometric contribution from the secondary, the photocenter of the system will also be displaced. For an unresolved, ideal system of two perfectly identical stars (in masses and luminosities), the positions of the barycenter and of the photocenter remain identical, and no time-dependent variation of the µ vectors are detectable. However, in the general case, the ratio p = L 2 /L 1 of the luminosity of a low mass companion to that of its parent star is considerably smaller than the ratio of their masses q = m 2 /m 1 . This results in a shift of the center of mass relatively to the photocenter. As both stars revolve around their center of mass, the photocenter (that is close to the geometrical center of the primary when q 1) follows a 'virtual' orbit around the barycenter.
Hipparcos Gaia DR2 Fig. 1 . Principle of the proper motion anomaly ∆µ H/G2 determination. We assume in the figure that the secondary object B has a negligible photometric contribution, and that the photocenter of the system is located at the position of star A.
As shown in Fig. 1 , the PM vector of the photocenter of a binary system will vary with time, and thus differ from the PM vector of the barycenter that remains constant for an isolated system. In the following analysis, we define the PMa vector ∆µ H/G2 as the result of the subtraction of the long-term PM vector µ HG from the PM vectors of the two catalogs:
with µ H/G2 the PM vectors from the Hip2 or GDR2 catalogs and µ HG the mean PM vector determined from the difference in astrometric position (α, δ, ) between the two catalogs, expressed at the corresponding comparison epoch. The 'instantaneous' µ Hip/G2 PM vectors contain the accumulation of the barycenter velocity and the 'virtual orbital' velocity of the photocenter. The differential PMa vector ∆µ thus corresponds to the projected velocity vector of the photocenter around the barycenter at the Hipparcos or GDR2 epochs. In this interpretation, we implicitly consider that the long term PM vector µ HG determined from the Hipparcos and Gaia positions (Sect. 3.3) is a proxy for the PM of the barycenter of the source. This hypothesis is naturally verified for a single isolated object. For a binary object, it is verified if the orbital velocity v orb,phot of the photocenter of the system around its barycenter is small compared to the velocity v bary of the barycenter. This condition v orb,phot v bary is verified for a large majority of our targets. The median ratio |∆µ|/|µ G2 | for the studied stars is 0.001, and more than 90% of the stars have ratios lower than 0.06. Only ≈ 1% exhibit ratios |∆µ|/|µ G2 | > 0.5. This distribution is primarily due to the relatively high space velocity of field stars compared to the typical reflex orbital velocities. Moreover, the Hipparcos and GDR2 measurements were obtained by averaging over a period of time of at least 22 months inducing a reduced sensitivity to shorter period companions (see Sect. 4.3). As an example, a 50 M J companion with an orbital period of 22 months creates an orbital reflex velocity amplitude of the order of 1 km s −1 on a 1 M primary star. For comparison, the median space velocity of our sample is 43 km s −1 , and 90% of the studied stars have space velocities larger than 17.5 km s −1 . The star with the highest heliocentric space velocity in our sample is HD 134440, a K dwarf with v = 602 km s −1 , which does not show any significant PMa (∆v tan,G2 = 33 ± 18 m s −1 ). As a side note, its Galactocentric velocity is v Gal = 428 km s −1 , which is below the local Galactic escape velocity (v esc,Gal = 580 ± 63 km s −1 from Monari et al. 2018 ).
For relatively high mass companions, the velocity hypothesis v orb,phot v bary may however not be verified. In this case, the determined µ HG long term PM vector incorporates part of the orbital velocity of the photocenter. This results in an underestimation of the norm of the PMa vector ∆µ, as part of the photocenter's orbital velocity is subtracted together with the barycentric PM vector. This leads to an underestimated normalized mass m 2 / √ r for the companion. This is however a rare situation for the targets of our sample.
Light travel time
Due to the radial velocity of the targets, the difference in distance between the Hip2 and GDR2 epochs results in a different light propagation time. The amplitude of this effect (equivalent in its principle to the classical aberration of light) can be considerable, as e.g., for the very fast moving Kapteyn's star (v r ≈ +245 km s −1 ) whose geometric distance to the Sun increased by 1200 au between the Hipparcos and GDR2 epochs. This corresponds to an additional light propagation time of 7.2 days for the GDR2 epoch, and a considerable tangential shift on the sky of 171 mas. To compare the absolute PM vectors µ HG and µ G2 of the star, we must either correct both vectors for the light travel time effect, or not correct either of them and work in the 'aberrated' referential. As the GDR2 pipeline does not correct for the light travel time effect in the computation of the astrometric solution, we choose not to correct the mean µ HG vector to be in the same 'aberrated' referential as the GDR2 PMs.
As the radial velocity is unaffected by the light travel time effect, we took into account the differential light travel time correction to extrapolate the stellar parallaxes from the GDR2 epoch to the Hipparcos epoch (Sect. 3.3). The magnitude of this correction is negligible for all but the nearest stars.
Long-term proper motion
The projection of the three-dimensional space velocity vector of a star on the tangential plane (orthogonal to the line of sight) varies with time due to the change in geometrical perspective induced by its space motion. As a consequence, for the nearest targets (Proxima, Barnard's star...) a three-dimensional computation is mandatory to properly determine the long term PM vector µ HG in spherical (µ α , µ δ ) coordinates at a given epoch, that is the quantity reported in the Hipparcos and GDR2 catalogs. The overall principle we adopted is to determine the 3D space velocity of the star in the cartesian rectangular Galactic coordinate system. In this frame, its coordinates are constant for an isolated star. We subsequently projected this vector at the spherical ICRS coordinates of the star at the relevant epochs to be compared with the catalog values.
In practice, we first transformed the ICRS equatorial 6D position-velocity vector of the target (α, δ, , µ α , µ δ , v rad ) into the 6D cartesian Galactic coordinates (u, v, w, U, V, W) . This allowed us to take into account the correlations between the RV and the transverse PM components induced by the perspective effects. For the astrometric transformations between coordinate systems, we used extensively the tools available in the Astropy 2 library version 3.0 (Astropy Collaboration et al. 2018) , and the uncertainties were propagated using a classical Monte Carlo approach.
The GDR2 parallaxes typically have one order of magnitude higher accuracy than that of the Hip2 catalog (except for some very bright stars). To have a better accuracy on the parallax at the Hipparcos epoch, we affected to the Hipparcos 6D vector the GDR2 G2 parallax, extrapolated to the J1991.25 epoch using the GDR2 space velocity vector. The long term PM vector µ HG is a differential quantity in the tangential plane, this extrapolation along the distance axis has thus a negligible influence on on its value, even for the nearest stars. This operation is however useful to obtain more accurate estimates of the uncertainties on the µ HG through a better accounting of the geometric correlations. This extrapolation in time is also justified as we do not aim at detecting a change of velocity along the radial axis from the astrometric data, but only in the tangential plane. In this computation, we took into account the light travel time effect for the extrapolation of the GDR2 parallax to the Hipparcos epoch (Sect. 3.2) . From this procedure, we obtained the long term Hipparcos-Gaia PM vector expressed in cartesian Galactic coordinates (U, V, W) HG .
Proper motion anomaly computation
From the determined long-term PM vector in cartesian Galactic coordinates and the individual velocity vectors (U, V, W) Hip/G2 , we computed the tangential velocity anomaly vectors at the Hipparcos and GDR2 epochs ∆(U, V, W) Hip/G2 through:
This differential vector is finally transformed back into spherical ICRS angular coordinates to obtain the tangential ∆µ Hip/G2 PMa vector at the Hipparcos and GDR2 epochs (and optionally at the Gaia DR1 or HST-FGS epochs, when available). This quantity is the final product of the processing chain, together with the corresponding linear tangential velocity. This processing was uniformly applied to our full sample. The PMa vectors of the nearest stars of our sample are listed in Table 1 , and the results for the stars up to 50 pc are available electronically from the CDS.
Discussion
Sensitivity to the companion mass
The velocity v 1 of a star orbiting on a circular orbit of radius r around the center of mass of a binary system is:
with m 1 and m 2 the masses of the two components. When m 2 m 1 , and for an orbital plane perpendicular to the line of sight, we have the simpler expression:
where ∆µ is the PMa, identified to the tangential orbital velocity of the primary star and its parallax. The constant multiplicative term in brackets in Eq. 5 is intended to transform the ratio of the ∆µ and quantities in their usual units (indicated in brackets) into a velocity expressed in m s −1 . From a single ∆µ measurement and an estimation of the mass m 1 of the primary, it is therefore possible to derive an estimate of the mass m 2 of a companion normalized to the square root of the orbital radius √ r. We adopt the notation m † 2 = m 2 / √ r in the rest of the present paper to refer to the normalized companion mass, with a physical unit of M J au −1/2 except otherwise noted. We estimate the mass m 1 of our target stars using the approach described in Sect. 2.3. 
Statistical effect of orbital inclination
The measured PMa concerns only the two tangential components of the orbital velocity of the primary. We thus obtain from Eq. 5 a lower limit of the true normalized mass m † 2 of the companion. The statistical inclination of a randomly oriented orbit in space is i = 60 +21 −27 deg. From geometrical considerations, the norm of the measured 2D PM vector corresponds to η = 87 +12 −32 % of the norm of the 3D orbital PM vector. We therefore multiplied the observed ∆µ by η −1 to estimate the de-projected distribution of the companion mass m † 2 (propagating the associated uncertainties).
Companions from proper motion anomaly
The PM measurements listed in the Hip2 and GDR2 catalogs are not instantaneously measured quantities. They result from the adjustment of a set of transit observations obtained over a period of δt H = 1227 d (Perryman et al. 1997 ) and δt G2 = 668 d (Gaia Collaboration et al. 2018a), respectively. The PMa ∆µ is therefore a time average of the intrinsic velocity vector of the star over the observing period δt. As a consequence, if the orbital period of the system is significantly shorter than δt, then the PMa will be decreased by the temporal smearing of the signal. If the orbital period is exactly δt, no ∆µ will be detectable (for a uniform distribution of the transits over the observing period). The differential astrometric signal (∆µ) will be decreased by the following factor γ:
with µ α,δ the RA and Dec components of the differential PMa. For a circular face-on orbit, we can represent the PM vector as:
where P is the orbital period and K is the amplitude of the astrometric wobble. We can thus write the γ components in α and δ:
The global γ factor on the norm of the PMa is thus:
that we can rewrite using the normalized periodP = P/δt:
For P δt, we verify that γ = 1, and for P = δt, γ = 0. The shape of the γ function is presented in Fig. 2 . The orbital radius r G2 corresponding to the observing period δt G2 of GDR2 is listed in Table 2 , together with the companion mass sensitivity m 2 normalized at 1 au. To produce sensitivity curves as a function of orbital radius, we normalize in the following analysis the achieved companion sensitivity from the PMa by multiplying it by γ −1 . The sensitivity curve m 2 (r) as a function of the detected linear tangential PMa between the GDR2 measurement and the mean Hip2-GDR2 PM vector |∆µ G2 | and the linear orbital radius r is therefore:
where P(r) is the period corresponding to the orbital radius r (for m 2 m 1 ):
and ∆v T,G2 is the norm of the tangential PMa vector converted to linear velocity using the GDR2 parallax. The parameters m 1 and ∆v T,G2 are listed for each star in Table 2 . This allows to compute the possible (m 2 , r) combinations corresponding to a given observed tangential velocity anomaly.
Sensitivity limit
The normalized mass m † 2 is proportional to the square root of the primary star mass √ m 1 and to the tangential velocity anomaly ∆v T . The sensitivity of the detectable normalized mass thus decreases as the primary mass increases (as a function of √ m 1 ) and decreases linearly with the increasing distance. The accuracy of ∆v T is in principle set jointly by the PM accuracy and the parallax. But as this is a differential quantity, the uncertainty on the parallax has in practice a negligible contribution for the nearby stars of the present work. The median accuracy of the norm of the PMa vector ∆µ G2 = µ G2 − µ HG of the ≈ 6700 tested stars in common between the Hip2 and GDR2 catalogs is σ(µ) = 234 µas a −1 and the corresponding median ∆v T accuracy is therefore σ(∆v T ) = 1.11 m s −1 per parsec of distance. The median accuracy of the µ HG longterm proper motion is σ(µ HG ) = 38 µas a −1 , and its contribution to the uncertainty on the PMa is therefore negligible compared to the GDR2 uncertainty. For a solar mass star, the achieved PMa accuracy of 234 µas a −1 corresponds to a theoretical sensitivity on the detection of companions of:
It is however not the practical sensitivity that can be achieved with the PMa technique for all orbital radii, due to the averaging over the observing window δt, that induces a dependence of the detectable normalized mass as a function of the inverse of the γ function ( Fig. 2 and Eq. 11). Considering the δt G2 = 668 d observing window of Gaia, the effective GDR2 sensitivity is limited for a solar twin to approximately 0.050
at an orbital radius of 3 au (P orb = 5.2 years).
Companions from astrometric excess noise
For orbital periods shorter than δt, the astrometric wobble of the star around the center of mass will appear as a noise on the astrometric solution of the star. The 'excess noise' quantity provided in the GDR2 catalog (epsi, here noted ' i ') corresponds to the extra noise that must be added to the Gaia individual observations to reach a reduced χ 2 of 1 in the astrometric fit (Lindegren et al. 2018) . Bright objects are subject to a number of possible Table 2 . Physical properties of the stars tested for the presence of a PM anomaly. The stars are listed in order of decreasing parallax, and the names of the stars discussed in Sect. 6 are emphasized using bold characters. ∆v T,G2 is the norm of the tangential velocity anomaly, θ G2 is the position angle of the observed PMa vector, and m † 2 is the mass of a companion explaining the PMa, normalized at an orbiting radius of r = 1 au. ∆ G2 is the SNR of the PM anomaly, ∆ represents the detection level (• for 2 < ∆ G2 < 3, • for 3 < ∆ G2 < 5 and for ∆ G2 > 5). r G2 is the radius of a circular orbit whose period is equal to δt G2 = 668 days. The stars present in the Washington Double Star catalog (Mason et al. 2001 ) are marked with a symbol in the 'W' column. The full table is available from the CDS. biases induced in particular by saturation, that may make the astrometric excess noise i parameter unreliable. We considered as an indicator of the reliability of a given GDR2 record (among others provided in the catalog) the RUWE (Sect. 2.2.3). As epsi is sensitive to any deviation from the 'pure' parallactic and linear PM trajectory of a source, it is related to the value of a 1 , and thus m 2 r/m 1 . Assuming that no specific instrumental bias is present, this quantity is thus an indicator for the mass of the companion m 2 multiplied by its orbital radius r. It is thus a tracer for the presence of short period orbiting companions (as noticed, e.g., by Groenewegen 2018) . For a face-on circular orbit, we have the simple relation:
The factor √ 2 in this expression is due to the fact that i is a standard deviation (expressed in mas) while the companion mass is linked to half of the peak-to-peak amplitude. Contrary to the PM anomaly, the sensitivity of the i parameter to companion mass decreases for long periods (P > δt), as only a fraction of the orbit is covered during the observations, thus reducing the as- Relative sensitivity γ of the PMa to orbiting companions as a function of the orbital period P normalized to the observing time δt (e.g., δt G2 = 668 days for GDR2).
trometric signature. It is therefore in principle a complementary indicator to the PMa. The sensitivity also decreases for the very short periods due to the minimal astrometric wobble.
Resolved binaries with stellar mass companions
The gravitationally bound binary systems for which both components are massive and spatially resolved by Gaia have a different behavior in terms of PMa as the binaries for which m 2 m 1 . When m 2 ≈ m 1 , the center of mass of the system cannot be considered as being close to the photocenter, as this is the case for planetary mass companions. In this case, the computed µ HG mean PM between the Hipparcos and GDR2 epochs therefore does not correspond any more to the PM of the center of mass. In other words, when the orbital motion amplitude between the Hipparcos and GDR2 epochs is not negligible compared to the PM of the center of mass, then the derived PMa does not correspond simply to the tangential orbital velocity vector. We clearly notice this effect in the determined PMa of resolved binary stars, as they exhibit PMa vectors with precisely opposite directions (θ B = θ A ± 180
• ). This is due to the fact that the component of the orbital velocity of each star projected on the direction of their mean PM has been subtracted to compute the PMa.
It is possible to compute the PM of the center of mass, using an a priori estimate of the masses of the two stars (see, e.g., Kervella et al. 2016b for α Cen AB). We repeat this computation for both the Hipparcos and GDR2 catalog positions, and we use these two values to determine the mean µ HG,AB PM vector of the center of mass of stars A and B. In our simplified approach, we have to adopt model values of the masses of the two stars to determine the position of the center of mass. This is however not needed if radial velocities are available for the two stars at two different epochs. In this case, it is possible to determine the mass ratio from the ratio of the orbital velocities (see, e.g., Kervella et al. 2016a) . The uncertainties on the masses of the two stars must be taken into account, and degrade the accuracy of the estimated barycenter position. The subtraction of µ HG,AB from the catalog PM vectors of each star eventually provides their individual tangential orbital velocity vectors. Sample applications of the PMa analysis to the nearby binaries 61 Cyg, GJ 725 and GJ 338 are presented in Sect. 6.1. 
Overview of results
Star sample and binarity fraction
The median mass of the 6741 stars of our PMa sample ism 1 = 0.90
−0.25 M , and their median radius isR 1 = 0.91
−0.26 R . The coincidence of these two numerical values expressed in solar units is expected from the linearity of the mass-radius relation for low mass main sequence stars (see e.g., Demory et al. 2009 ). The completeness of our sample is limited both by the photometric sensitivity limit of Hipparcos (V = 12.4), that sets a maximum distance to the observed stars of a given spectral type, and the saturation limit of Gaia (G = 3) that prevents the observation of the nearest bright stars. We show in Fig. 3 the two-dimensional histogram of the (m 1 , d) combinations of our sample. Fig. 4 shows the mass distribution of the stars that are present in Hip2+GDR2 or only in the GDR2 (with a limit in brightness of G < 13), and the resulting completeness level of our sample as a function of the stellar mass. As expected, a severe limitation in terms of completeness comes from the limiting magnitude of Hipparcos, that cuts the majority of the mid-K and M spectral types below m 1 ≈ 0.6 M . The overall completeness level of the sample of stars tested for PMa (Hip2+GDR2) is above 95% for the stars with m 1 1 M and of 25% only for the stars less massive than the Sun. The very low mass stars are particularly interesting as their PMa vectors give access to low mass planets, as shown e.g., by the analysis of Proxima (Sect. 6.2). The limiting magnitude of Gaia (G = 21 in the GDR2 catalog) corresponds to a complete survey of the objects more massive than m 1 ≈ 0.075 M (the hydrogen burning limit) within 10 pc of the Sun, and down to m 1 ≈ 0.097 M (M6.5V spectral type) at 50 pc. To give a qualitative idea of the overall completeness of our sample with respect to the total population of nearby objects within 50 pc, a query of the GDR2 catalog with the only constraint that G2 > 20 mas (without magnitude limit) returns ≈ 73 246 sources. As we examined 6741 sources located within the same distance, this indicates that the measurement of the PMa of ≈ 66 000 additional objects (essentially of low and very low mass) will be possible with future Gaia data releases. This will potentially reveal a large number of planetary mass companions. The histogram of the SNR ∆ G2 of the measured PMa from the GDR2 for our sample is presented in Fig. 5 . The overall fraction of stars exhibiting a PMa is 38.5% for ∆ G2 > 2, 30.6% for ∆ G2 > 3 and 24.6% for ∆ G2 > 5. We observe only a limited variation of the binarity fraction with the parallax for < 200 mas. This is an indication of a weak dependence of the sensitivity of our survey with respect to the distance for these nearby stars, and therefore a satisfactory completeness level of the companions detections for companion masses m † 2 2 M J au −1/2 up to our distance limit of 50 pc (Sect. 4.4).
As shown in Fig. 6 , the binarity fraction (including stellar and substellar mass companions) in our sample exhibits a relatively mild evolution with the primary star mass between increases from ≈ 35% to ≈ 45%. A very different statistics is observed for the binarity fraction of low mass red dwarfs of m 1 < 0.35 M . It shows a very steep decreasing gradient, with a binarity fraction of more than 60% in the m 1 = 0.15 ± 0.05 M mass bin that goes down to 35% at 0.35 M . This behavior is due to the relatively bright limiting magnitude of Hipparcos, that restricts our sample of very low mass stars to the very nearest objects (Fig. 4 ). For these red dwarfs located within a few parsec from the Sun, our sensitivity to low mass orbiting planets is considerably better than for more distant and more massive stars. The limit for these low mass stars is usually in the Saturn mass regime or below, depending on the orbital radius (see, e.g., Sects. 6.2, 6.3, 6.8). Assuming a continuous binarity fraction as a function of primary mass, we can tentatively interpret the higher binarity fraction below 0.35 M as an indication that at least 30% of the stars of our PMa sample host planets with masses between m † 2 ≈ 0.1 M J au −1/2 and 1 M J au −1/2 . This fraction comes in addition to the ≈ 40% of the stars that show evidence of the presence of companions with m † 2 1 M J au −1/2 . Although the number of very low mass stars is limited by the Hipparcos sensitivity in the present analysis, it will be possible with the future Gaia data releases to probe the evolution of the binarity fraction as a function of stellar mass in the very low mass regime.
The positions of the stars of our sample in the [M V , V − K] color-magnitude diagram are shown in Fig. 7 . Due to the relatively small number of massive stars in our sample, the statistics are limited in the top left region of the diagram. The presence of companions of main sequence stars with normalized masses in the brown dwarf or stellar regime appears ubiquitous.
Companion mass distribution
As detailed in Sect. 4.3, the PMa provides an estimate of the mass of the companions normalized to the square root of their orbital radius. We present in Fig. 8 the distribution of the derived m † 2 values up to the stellar mass regime. In the right panel of this figure, we notice that a significant population of companions with low normalized masses below 2 M J au −1/2 is suspected with an SNR between 2 and 3. The improvement in accuracy of the PM vector expected in the Gaia DR3 will likely confirm the existence of a large fraction of these very low mass companions, and estimate their orbital radii and masses.
The represented for different distances of the primary star as dashed curves. The apparent deficit of low mass planets around massive stars (lower right quadrant of the histogram) is due to the saturation limit of Gaia that excludes the massive nearby stars from our sample. This deficit is also due to combination of the overall rarity of massive stars in the solar neighborhood, and the decreased sensitivity to very low mass companions for massive primaries. The Hipparcos limiting magnitude reduces the number of dwarfs with masses lower than ≈ 0.5 M J compared to their actual frequency (Sect. 5.1).
White dwarfs
Our sample comprises 17 bright WDs of the solar neighborhood in common between the Hip2 and GDR2 catalogs. As detailed in Table 3 , two of these WDs show a highly significant PMa SNR ∆ G2 higher than 3: LAWD 37 (see Sect. 6.12) and GD 140. In addition, Wolf 28 (Sect. 6.11), HD 340611 and GD 279 show indications of binarity with ∆ G2 2. The binarity fraction (including triple and quadruple stars) of the WD population has been estimated by Holberg (2009) to 32 ± 8 % (see also Toonen et al. 2017) . Including the suspected binary systems, the WD binarity fraction that we obtain from our 17 stars with a PMa analysis is 29 ± 11%, in line with the expected frequency. The positions of the WD of our sample in the [M V , V − K] color-magnitude diagram are presented in Fig. 10 .
We are currently limited by the necessity to use the Hipparcos positions to determine the mean PM µ HG and the PMa quantity, which severely reduces the number of accessible WDs due to the lower photometric sensitivity of Hipparcos. The possibility to identify the WDs that present a PMa directly from Gaia measurements will be possible in the Gaia DR3, providing a significantly larger number of detections.
Brown dwarf desert
The concept of 'brown dwarf desert' designates the rarity of brown dwarf companions (with a mass of 5 to 80 M J ) orbiting Number of stars Fig. 9 . Two-dimensional histogram of the estimated normalized masses m † 2 as a function of the primary mass m 1 for the stars exhibiting a PMa SNR ∆ G2 > 1.5. The normalized companion mass detection limits for the GDR2 for a star located at distances of 5, 15 and 50 pc are shown with dashed grey curves (see Sect. 4.4 for details). The area below the orange curve is the companion sensitivity domain excluded by the saturation limit of Gaia (G ≈ 3), considering the mass-luminosity relation of main sequence stars from Pecaut & Mamajek (2013). solar mass stars at distances shorter than r = 5 au (P 11 years). Wilson et al. (2016) determined the masses of the companions of a sample of 15 solar type stars from a combination of radial velocity and Hipparcos astrometry. They find regularly distributed companion masses, including over the brown dwarf desert (Marcy & Butler 2000) . The mass distribution of our sample of stars peaks at a lower mass than the Sun's, but Dieterich et al. (2012) determined that the brown dwarf desert extends to a broad range of masses of the primary star. The 2D histogram of Fig. 9 shows a double peaked distribution of companion normalized masses for primaries of masses m 1 between approximately 0.5 and 1.5 M . The main peak is located at a normalized mass color-magnitude diagram. The primary mass and the secondary normalized mass are represented with color and symbol size, respectively, only for the stars with a PMa SNR ∆ G2 2. The WD with ∆ G2 < 2 are represented with a grey dot. Table 3 . Properties and observed tangential velocity anomaly ∆v T,G2 for the 17 white dwarfs of our sample. The estimated mass of the WD is listed in the m 1 column, ∆ G2 is the signal-to-noise ratio of the PMa and m † 2 is the normalized mass of the companion (or an upper limit). ∆ is set to for a strong detection (∆ G2 >5), • for 3<∆ G2 <5 and • for 2<∆ G2 <3. around m † 2 ≈ 1 − 2 M J au −1/2 , while the second peak is located at m † 2 ≈ 50 − 100 M J au −1/2 . The gap between these two peaks is compatible with the expected extent of the brown dwarf desert. Fig. 9 shows indications that the existence of the brown dwarf desert may be restricted to stellar masses similar to the Sun's. However, our sample comprises a too limited number of targets above 1.5 M and below 0.5 M to reliably explore the persistence of the deficit of brown dwarf companions in these mass regimes. Moreover, the resolution of the present degeneracy between m 2 and r is necessary to firmly conclude on the distribution of companion masses in the brown dwarf desert. 
Notes on individual targets
6.1. Binaries with stellar mass components
61 Cyg AB (GJ 820 AB)
Let us consider as a first example the case of the low mass binary star 61 Cyg AB (GJ 820 AB, ADS 14636 AB). 61 Cyg B is one of the 34 Gaia benchmark stars (Jofré et al. 2014; Heiter et al. 2015) . We adopted the masses m A = 0.708 ± 0.053 M and m B = 0.657±0.057 M , estimated from the absolute K band magnitude from 2MASS and the relations by Mann et al. (2015) . These values are close to the masses derived by Kervella et al. (2008) from evolutionary modeling of the two stars (m A = 0.690 M , m B = 0.605 M ). We determine the following PM vector for the barycenter of the two stars:
The subtraction of this barycenter PM vector from the individual Hip2 PM vectors provides the following residual PM anomalies: 
We represent these PMa vectors on the sky in Fig. 11 . We can check a posteriori that the mass ratio we adopted is reasonable from the ratio of the norms of the PMa vectors:
For the GDR2 epoch, we obtain m B /m A = 0.993 ± 0.022, higher than but statistically compatible with the adopted m B /m A = 0.93 ± 0.11. The derived mass ratio from the PMa is also noticeably higher than the ratio m B /m A = 0.877 found by Kervella et al. (2008) . This difference can be interpreted as the orbital PM ∆µ B of component 61 Cyg B being too slow for its 'photometric' mass, thus indicating the possible presence of a dark mass contributor in orbit around this star. We also observe a difference in position angle of the PM anomalies of components A and B from GDR2:
θ A = 33.57 ± 0.75 deg and θ B = 210.01 ± 0.75 deg .
The difference ∆θ AB = (θ A − θ B ) mod 180 • = 3.56 ± 1.06 deg is statistically significant, while it should be zero if the photocenters of each component coincided with their respective centers of mass. This PMa offset between 61 Cyg A and B points at the possible presence of a third body in the system, likely orbiting around 61 Cyg B. This hypothesis will be testable with the Gaia astrometry in the future data releases.
HD 173739+HD 173740 (GJ 725 AB)
Another interesting binary system is provided by the very low mass binary HD 173739+HD 173740 (M3V+M3.5V; ADS 11632 AB, GJ 725 AB, Struve 2398 AB). For this system (Fig. 12) , we derive precisely the same mass ratio m B /m A = 0.767 ± 0.009 as the adopted m B /m A = 0.766 ± 0.022 from the relations by Mann et al. (2015) . We also do not detect any significant difference in position angle for the PMa from the GDR2 catalog (∆θ AB = 0.63 ± 0.47 deg). In this case, we therefore do not need to invoke the presence of a third body in the system.
HD 79210+HD 79211 (GJ 338 AB)
GJ 338 AB is a binary composed of a K7V primary (HD 79210) and M0V secondary (HD 79211). As shown in Fig. 13 , the Hip2 catalog has large uncertainties, and the PM vectors of the two components appear discrepant on the figure. However, we retrieve from the GDR2 PMa the same mass ratio m B /m A = 0.970 ± 0.026 within 1σ as the adopted m B /m A = 0.959 ± 0.027 from the relations by Mann et al. (2015) . We also do not detect any significant offset of the PMa vectors of both components from the GDR2 catalog (∆θ AB = −0.46 ± 1.47 deg), and therefore do not detect a third component in the system.
Proxima
Our nearest stellar neighbor Proxima Centauri (GJ551, V645 Cen, α Cen C) is a very low mass red dwarf of spectral type M5.5V. It hosts the nearest exoplanet, Proxima b (AngladaEscudé et al. 2016), a telluric mass planet with a very short orbital period (11.2 d) and orbital distance (0.05 au) that place it inside the habitable zone of its parent star. The search for transiting exoplanet signals have been unsuccessful up to now (Blank et al. 2018) . Proxima is an active star, with frequent flares, that were detected over a broad range of wavelengths (MacGregor et al. 2018; Howard et al. 2018) .
Maximum possible orbital radius
We here consider the triple system α Cen AB + Proxima as equivalent to a binary, due to the very large semi-major axis of Proxima's orbit (a Prox = 8.7 kau; Kervella et al. 2017) compared to that of the α Cen AB system (a AB = 23.5 au; Kervella et al. 2016b ). The eccentricity of Proxima's orbit is e = 0.50 and the mass ratio of the system is q = m Prox /(m A + m B + m Prox ) = 0.056. Holman & Wiegert (1999) established the range of stable orbits for planets orbiting in binary systems, and for the parameters of Proxima's orbit, they predict a maximum stable orbital radius for planets orbiting Proxima of r max = 0.20 a Prox = 1.7 kau. In the following, we adopt this limit to estimate the range of possible companions orbiting Proxima.
Companion mass sensitivity
The fast PM of Proxima coupled with the high accuracy of the position measurements by Hip2 and GDR2 results in an extraordinary accuracy of the PM vector coordinates: its norm is estimated to µ HG = 3859.110 ± 0.069 mas a −1 (at GDR2 epoch) which corresponds to an SNR of 5.6 × 10 4 . Subtracting the longterm PM from the GDR2 vector, we measure a tangential velocity anomaly of ∆v tan,G2 = 2.7 ± 1.5 m s −1 at GDR2 epoch (Table 2) significant at a 1.8σ level. The accuracy on the tangential velocity anomaly is limited by the precision of the GDR2 PM vector, which will improve in the future data releases.
In addition to the Hip2 and GDR2 catalogs, we also tested the PM vector obtained by Benedict et al. (1999) for the presence of a PMa. We find a marginally significant PMa at a level of SNR of ∆ FGS = 2.6, but the reliability of the PM vector coordinates of Proxima is uncertain as the FGS measurement is based on differential astrometry with background stars, whose PM vectors were poorly constrained at the time of the original data reduction. We note that the parallax of Proxima FGS = 768.7 ± 0.3 mas determined by Benedict et al. (1999) is in perfect agreement with the GDR2 value ( G2 = 768.53 ± 0.22 mas). The ground-based parallax of L14 = 768.1 ± 1.0 mas measured by Lurie et al. (2014) is also perfectly consistent with the GDR2. Mesa et al. (2017) established mass and radius limits to companions of Proxima from adaptive optics imaging with the SPHERE instrument, setting a maximum mass of a planet orbiting beyond 2 au from the star to 4 M J . Based on ground based astrometric measurements, Lurie et al. (2014) The possible (m 2 , r) combinations (with m 2 the companion mass and r its orbital radius) corresponding to the detected GDR2 tangential velocity anomaly ∆v tan,G2 are presented in Fig. 14 in green color. The possible domain of (m 2 , r) combinations delineated by Endl & Kürster (2008) is represented as the shaded pink area. Taking into account the radial velocity and Gaia astrometry limits, we exclude at a 1σ level the presence of a planet with a mass m 2 > 0.2 M J at r < 10 au (P orb < 100 years). Wide companions between 10 and 50 au (P orb = 100 − 1000 years) with masses m 2 > 0.4 M J are also excluded. Considering the maximum permitted orbital radius of r max = 1.7 kau, we exclude the presence of any planet more massive than m 2 = 2.5 M J orbiting around Proxima. These stringent constraints on the presence of planets around Proxima emphasize the remarkable complementarity of the Gaia astrometry and radial velocity searches for short and long period planets.
Effect of Proxima b
The amplitude of the astrometric wobble induced by the presence of Proxima b (Anglada-Escudé et al. 2016) of a mass m b sin i = 1.3 M ⊕ is ≈ 2.8 µas in position, with a period of P orb = 11.2 days. This amplitude is likely to remain undetected by Gaia whose final average position accuracy is foreseen around 4 µas. The Doppler radial velocity amplitude of the reflex motion of Proxima is 1.4 m s −1 , as measured by Anglada-Escudé et al. (2016) . This represents a lower limit for the tangential velocity amplitude. Due to the very short orbital period of Proxima b, the PMa quantity, as a tracer of the orbital velocity, is not sensitive enough to measure the tangential reflex velocity of Proxima induced by planet b, as shown in Fig. 14 (at r = 0.05 au) . However, knowing the precise ephemeris of the planet from the spectroscopic orbit, a differential processing of the epoch astrometry data may reveal the wobble signal in position and PM velocity. The intrinsic morphological properties of the star (spots, rotation, flaring) may complicate the analysis.
The orbit of Proxima around α Cen
Kervella et al. (2017) showed that Proxima is gravitationally bound to α Cen, possibly captured by its bright binary neighbor . We took advantage of the improved accuracy of the µ HG vector of Proxima provided by the combination of the Hip2 and GDR2 positions to check the orbital parameters of the orbit of Proxima around α Cen (WDS J14396-6050AB, GJ559AB). The revised parameters are statistically identical, and the accuracy of the relative velocity of Proxima with respect to α Cen is slightly improved to v α−Prox = 280 ± 48 m s −1 giving a −5.5 σ difference with the unbound velocity value (v max = 546 ± 10 m s −1 ). The error bar on this differential velocity is dominated by the uncertainty on the absolute radial velocity of Proxima (±32 m s −1 ) and the correction of the convective blueshift. The orbital motion of Proxima cannot explain the observed residual tangential velocity, as the total change on Proxima's PM vector induced by its orbital motion is only dv tan = 0.053 m s −1 (d∆µ = 8.6 µas a −1 ) over the 24.25 years separating the Hip and GDR2 epochs. The final PM accuracy of Gaia is expected to be of the order of σ(µ) ≈ 3 µas a −1 (compared to σ(µ) ≈ 250 µas a −1 for Proxima in GDR2), so the orbital acceleration of Proxima may be detectable with Gaia's full data set. It should be noted however that the presence of a long-period planet will complicate this detection.
As discussed by Beech (2009 Beech ( , 2011 and Banik & Zhao (2018) , very high precision astrometry of Proxima could provide a test of the modified Newtonian dynamics (MOND) theory (Milgrom 1983; Bekenstein 2004) . Banik & Zhao (2018) estimated that the relative positions of Proxima with respect to α Cen AB computed using the MOND or Newtonian gravity theories would differ by ≈ 7 µas after 10 years (their Fig. 13 ). Although this seems in principle within reach of Gaia, unfortunately α Cen AB is too bright and the position of the barycenter of AB will not be measurable with the required accuracy. The change in radial velocity over the same Hip-GDR2 period of 24.25 years is dv r = 0.025 m s −1 , also beyond the accuracy of the currently available instrumentation.
Barnard's star
Barnard's star (GJ 699, HIP 87937) is an M4V red dwarf similar in physical properties to Proxima. It is particularly remarkable due to its extremely fast PM of more than 10 arcsec a −1 . Several attempts to detect planetary companions to Barnard's star have been conducted either by imaging (Gauza et al. 2015) , radial velocity (Choi et al. 2013) , or astrometry with the HST-FGS (Benedict et al. 1999) . The most stringent limits are set by the radial velocity technique with a maximum mass of 10 M ⊕ at 1 au (Choi et al. 2013) . Ribas et al. (2018) recently pushed this detection limit even further, as they reported the detection of an exoplanet orbiting Barnard's star with a period of 233 days and a minimum mass of 3.2 M ⊕ .
We detect a tangential velocity anomaly of ∆v tan,G2 = 13.5 ± 6.9 m s −1 at GDR2 epoch (Table 2) significant at a 2.0σ level. The corresponding (m 2 , r) combinations are shown in Fig. 15 , where the mass limits from radial velocity and FGS astrometry are also represented. The detected PMa is only marginally significant, and we do not claim a detection. This PMa signal could be explained by a m 2 ≈ 1 M J planet orbiting at r = 1 − 20 au, or a more massive giant planet of m 2 ≈ 1.5 M J at r = 20 − 100 au. As shown in Fig. 15 , the telluric planet detected by Ribas et al. (2018) is far beyond reach of our PMa search technique by approximately two orders of magitude. Tal-Or et al. (2018) studied the feasibility of the astrometric detection of Barnard's star b, and conclude that it will very likely not be detected by Gaia. However, the future Gaia data releases will make it possible to test the possible presence of a massive giant planet on a long period orbit more stringently.
As for Proxima (Sect. 6.2), we also tested the FGS astrometric measurement of Barnard's star obtained by Benedict et al. (1999) for the presence of a PMa. We obtain a significant signature at a level of SNR of ∆ FGS = 3.2, but the reliability of this PM vector is uncertain as the FGS measurement is based on differential astrometry with background stars whose PM vectors were poorly constrained at the time of the original data reduction. The parallax of FGS = 545.4 ± 0.3 mas found by Benedict et al. (1999) differs from the GDR2 value ( G2 = 547.48 ± 0.31 mas) by 5σ, and also from the Hipparcos parallax ( H = 548.3 ± 1.5 mas). This may indicate a problem in the FGS astrometric solution of Barnard's star, that could also affect the FGS PM vector.
Eri
From the GDR2 catalog, we find an insignificant PMa on the young K2V dwarf Eri (GJ 144, HD 22049) of ∆v tan,G2 = 5.7 ± 13.1 m s −1 , compatible with zero. The tangential velocity anomaly measurement from Hip2 is more accurate at ∆v tan,H = 7.6 ± 4.4 m s −1 , and we discuss its implications hereafter. The massive planet Eri b (m 2 = 0.86 M J ) was discovered by Hatzes et al. (2000) on an eccentric orbit (e = 0.6, r = 3.4 au). Mawet et al. (2018) recently confirmed its mass (m 2 = 0.78 +0.38 −0.12 M J ) and orbital radius (r = 3.48 ± 0.02 au), but obtained a much lower eccentricity (0.07 +0.06 −0.05 ). This mass and orbital radius of Eri b provide an excellent match to the observed ∆v tan,H (red dot in Fig. 16) . A detailed analysis of the epoch astrometry of Hip2 as conducted by Snellen & Brown (2018) on β Pic (see also Sect. 6.19) would provide valuable informations on the companion, but it is beyond the scope of the present paper. Future Gaia data releases will enable to determine the full parameters of this planet. Janson et al. (2015) searched for massive companions of Eri using Spitzer imaging in the infrared, and established mass limits of m 2 = 0.5 − 2.5 M J for separations of r = 140 − 20 au (for an age of 800 Ma). The corresponding permitted range of (m 2 , r) combinations is represented in shaded pink in Fig. 16. 
Ross 128
Ross 128 (GJ 447, HIP 57548) is a nearby red dwarf of spectral type M4V, whose physical properties are very similar to Barnard's star. Bonfils et al. (2018) recently reported the discovery of the telluric exoplanet Ross 128 b, whose mass is estimated to m sin i = 1.35 M ⊕ . It is particularly interesting for exobiology as its orbital period of 9.9 days places it in the temperate zone of its parent star. Additionally, Ross 128 is significantly less active than Proxima, which is believed to be favorable for the habitability of the planet.
We observe a marginally significant PMa of ∆ G2 = 2.2 on Ross 128 at the GDR2 epoch. The reflex motion induced by the telluric planet Ross 128 b cannot be the cause of this PMa, due to its very low mass and short orbital period. The range of possible (m 2 , r) combinations for an additional planet is shown in Fig. 17 . A plausible set of parameters explaining the observed PMa would be a Saturn mass planet orbiting between 1 and 10 au from Ross 128. We set an upper limit of 1 M J to a possible planet orbiting within 30 au.
τ Ceti
The nearby solar analog τ Ceti (GJ 71, HD 10700, spectral type G8V) is an old (Thévenin et al. 2005) , low metallicity dwarf, that hosts a dust disk (di Folco et al. 2007 ). Feng et al. (2017b) recently confirmed the detection of four telluric mass planets orbiting τ Cet, that were initially announced by Tuomi et al. (2013) . Their orbital semi-major axes range from 0.1 to 1.3 au, and their minimum masses from 1.9 to 3.9 M ⊕ . These planets have a negligible contribution to the GDR2 astrometry.
We detect a high tangential velocity anomaly on τ Ceti at a level of ∆v tan,G2 = 132 ± 28 m s −1 in the GDR2 data, but the excess noise is high at i = 1.7 mas, while the RUWE is low at = 1.1. The accuracy of the GDR2 PM vector is much lower than that of Hip2, probably due to the high brightness of τ Ceti (m G = 3.2) that causes a saturation of the Gaia detectors. We therefore analyse here the Hipparcos PM vector, that gives a tangential velocity anomaly of ∆v tan,H = 11.3 ± 4.0 m s −1 . This low but significant signal corresponds to a range of possible (m 2 , r) pairs shown in Fig. 18 . The observed signal could be explained e.g., by a Jupiter analog orbiting at 5 au. We exclude (1σ) the presence of a planet more massive than 3 M J between 3 and 30 au from the star.
Ind
Ind A (GJ 845 A, HD 209100) is a nearby K5V dwarf forming a triple system with the binary brown dwarf Ind B (McCaughrean et al. 2004; King et al. 2010) . The presence of a dark companion to Ind A was suspected based on a radial velocity trend, but an imaging search by Janson et al. (2009) did not reveal the unseen companion. A jovian mass exoplanet was recently discovered by from radial velocity measurements, with an estimated minimum mass of 2.7 +2.2 −0.4 M J and a semi-major axis of 12.8 +4.2 −0.7 au. We detect a significant PMa on Ind A of ∆v tan,G2 = 44.0 ± 10.5 m s −1 at the GDR2 epoch. As shown in Fig. 19 , this tangential velocity anomaly is compatible with the expected contribution from the orbiting planet considering the error bars, although we observe a slightly higher anomaly than predicted from planet Ab alone.
The binary brown dwarf Ind Ba+Bb is located at a projected separation of 1460 au (Faherty et al. 2010) , and has a total mass of 121 ± 1 M J (King et al. 2010) . Its contribution in terms of tangential velocity on Ind A can be estimated to ≈ 50 m s −1 , that is, comparable to the observed ∆v tan,G2 . Ind B is unfortunately too faint for Gaia and Hipparcos, so its PMa cannot be determined with a comparable accuracy to that of A. As the PMa contributions of Ind Ab and B sum up vectorially to produce the total observed PMa of Ind A, it is difficult to disentangle the origin of the observed signal. However, the location of B approximately to the East of A would preferentially correspond to a North-South position angle for the PMa that it induces on A, while we observe θ = 56 ± 10 deg. So this is an indication that both B and Ab contribute to the observed PMa of A. Future Gaia data releases will provide the answer, as the expected orbital period of Ab is estimated to ≈ 50 − 75 years ).
Kapteyn's star
The red dwarf Kapteyn's star (GJ 191, HD 33793 ) is the nearest star from the halo population. This property is reflected in its very high tangential PM (µ = 8644 mas a −1 ) and space velocity relative to the Sun (v = 293 km s −1 ). Its radial velocity reaches v r = +245 km s −1 (Nidever et al. 2002 ). Kapteyn's star is suspected to host two telluric mass planets, that were announced by Anglada-Escudé et al. (2014) Ribas et al. (2018) is shown with a red dot in the left panel. The permitted range of planetary mass on short-period orbits from radial velocity (Choi et al. 2013 ) and HST-FGS astrometry (Benedict et al. 1999) are represented respectively as shaded pink and blue areas. eps Eri from Hip2
Janson+ (2015) Hipparcos tH m2 from PMa Mawet+(2018) Fig. 16 . Limits on the companion (m 2 , r) combinations for Eri. The parameters of the giant planet Eri b determined by Mawet et al. (2018) are represented with a red dot. The shaded pink area delineates the permitted (m 2 , r) combinations between 10 and 140 au determined by Janson et al. (2015) from Spitzer imaging.
lated with stellar activity. This indicates that the observed radial velocity signal, at least for the inner candidate planet, may not be caused than Doppler reflex motion from an orbiting planet (see also Newton et al. 2016 ).
Kapteyn's star is a stringent test case for the determination of the PMa, due to its extremely fast space velocity. We determine a tangential velocity anomaly of ∆v tan,G2 = 3.2 ± 2.0 m s −1 at the GDR2 epoch, corresponding to an SNR ∆ G2 = 1.7. We present in Fig. 20 the domain of (m 2 , r) combinations for a companion that would explain this tangential velocity anomaly. We determine that no planetary companion more massive than Saturn (M S = 0.3 M J ) is present around Kapteyn's star between orbital radii of 1.5 and 10 au. Even considering the limitations related to the GDR2 observing time window, the presence of any jovian mass planet is also excluded up to large orbital radii. Ross 128 Gaia tG2 m2 from PMa tau Cet from Hip2
Hipparcos tH m2 from PMa 
AX Mic
AX Mic (Lacaille 8760, GJ 825) is a low mass red dwarf of spectral type M1V, with no known planet. Morris et al. (2018) predicted that the stellar activity will induce an astrometric position jitter of ≈ 20 µas for AX Mic, whose effect is negligible on the present PMa analysis.
The tangential velocity anomaly of ∆v tan,G2 = 9.8 ± 2.9 m s −1
(SNR ∆ G2 = 3.4) that we measure at the GDR2 epoch corresponds to possible companions in the (m 2 , r) range shaded in green in Fig. 21 . Wittenmyer et al. (2016) established an upper limit to the mean velocity amplitude of K max = 9.2 ± 0.6 m s −1
for orbital periods between 1000 and 6000 days (70% recovery rate). This limit translates into a permitted (m 2 , r) domain shaded in pink in Fig. 21 . From the combination of the limits from radial velocity and astrometry, the companion of AX Mic is most probably a giant planet with a mass m 2 = 0.5 to 2.5 jovian masses orbiting beyond r = 3 au from the red dwarf. The shaded pink area corresponds to the range of possible planets from Wittenmyer et al. (2016) with periods between 1000 and 6000 days. 
Ross 614
Ross 614 (V577 Mon, GJ 234 AB) is a pair of very low mass red dwarfs whose fast PM was discovered by Ross (1927) . Its binarity was the first to be identified by photographic astrometry by Reuyl (1936) . From a combination of historical and modern astrometry, Gatewood et al. (2003) determined the period of the system (P = 16.595 ± 0.0077 years), its parallax ( = 244.07 ± 0.73 mas) and the masses of the two stars (m 1 = 0.2228 ± 0.0055 M and m 2 = 0.1107 ± 0.0028M ). We note that the GDR2 parallax measurement ( G2 = 243.00 ± 0.88 mas), although perturbed by the orbital motion and the unresolved contribution of Ross 614 B, confirms their result. The semi-major axis is a = 1101.2 ± 8.2 mas, corresponding to 4.53 ± 0.03 au. −0.012 M for the secondary, in remarkable agreement with the actual mass determined by Gatewood et al. (2003) . This excellent level of correspondance is due in particular to the inclination of the orbital plane (i = 54
• ), that is close to the statistically most probable value of 60
• (Sect. 4.2). . van Maanen (van Maanen 1917) , and has a relatively low effective temperature of T eff ≈ 6000 K (Burleigh et al. 2008) . The presence of a m 2 = 0.08 M companion orbiting around Wolf 28 on a P ≈ 1.5 year (maximum apparent separation ≈ 0.3 corresponding to ≈ 1.3 au), equator-on orbit (i = 89
• ) was announced by Makarov (2004) , from the analysis of the Hipparcos data. This mass estimate was computed using a WD mass of m 1 = 0.83 M that is likely too high by ≈ 25%. The presence of such a companion was however disproved by Farihi et al. (2004) from adaptive optics imaging. Burleigh et al. (2008) confirmed this non-detection from deep imaging in the near-infrared J band and established an upper limit of m 2 < 7 ± 1 M J between 3 and 50 au from the WD. They also excluded the presence of companions more massive than 10 M J based on the absence of significant infrared excess in the Spitzer IRAC photometry at 4.5 µm. We do not identify any resolved common PM candidate of Wolf 28 in the GDR2 catalog, between a minimum separation of ≈ 0.5 and 10
• , down to the limiting magnitude of the catalog (G = 21), corresponding to an absolute magnitude M G = 22.8 at the distance of Wolf 28. From the grid by Pecaut & Mamajek (2013) 3 (see also Pecaut et al. 2012) , this corresponds to a hottest possible spectral type around L4.5V, and a maximum mass of ≈ 75 M J . We also searched the 2MASS catalog (Skrutskie et al. 2006) for very red sources close to Wolf 28, but did not find any down to the limiting magnitude of m K ≈ 15.5, that corresponds to m 2 < 40 M J . The conversion of the K band infrared magnitude into mass for planetary mass objects was taken from the AMESCond isochrone by Allard et al. (2012) 4 for an age of 4 Ga. We detect a marginal PMa in Wolf 28 with an SNR of ∆ G2 = 2.0. The quality of the GDR2 astrometric solution is good with a renormalized unit weight error of = 1.2 and a null excess noise i . Fig. 23 shows the (m 2 , r) domain corresponding to the observed PMa, together with the pre-existing constraints from Burleigh et al. (2008) on the possible mass and orbital radius of the companion. It is unlikely that the orbital radius of the companion is smaller than ≈ 650 R (≈ 3 au) due to the past expansion of Wolf 28 during its red giant phase up to this radius. The determined possible range of orbital radii however includes separations larger than the red giant radius. We exclude the presence of an orbiting companion more massive than 2 M J between 3 and 10 au, and more massive than 5 M J within 100 au from Wolf 28.
LAWD 37 (GJ 440)
LAWD 37 (GJ 440, HIP 57367, LTT 4364) is a type C2 white dwarf with a DQ6 spectral type, that is routinely used as a spectrophotometric standard (Hamuy et al. 1992) . It has an estimated mass of m 1 = 0.61 M . Schroeder et al. 2000 observed LAWD 37 using the HST-WFPC2 to search for companions, but the achieved detection limits were relatively high (30 − 40 M J down to 1 ). We detect a significant PMa at an SNR level ∆ G2 = 4.9, and a corresponding tangential velocity of ∆v tan,G2 = 14.1 ± 2.9 m s −1 at a position angle θ = 306 ± 9 deg. We also examined the Gaia DR1 record of LAWD 37, and observe a comparable tangential velocity anomaly ∆v tan,G1 = 11.5 ± 5.7 m s −1 giving an SNR level ∆ G2 = 2.0.
It should be noted however that no RV measurement is available in the literature for LAWD 37, and we therefore assumed a zero RV in this computation. The tangential velocity of LAWD 37 is v tan,G2 = 59 km s −1 . Assuming a RV range of v r = ±60 km s −1 , we obtain a tangential velocity anomaly of ∆v tan,G2 = 9 to 31 m s −1 at the GDR2 epoch, still significant at a ∆ G2 = 3.2 to 10.4 level. A spectroscopic measurement of the RV would allow a more accurate computation, but the near absence of spectral features in the spectrum of LAWD 37 makes it a particularly difficult enterprise. Dravins et al. (1999) derived an astrometric RV of v r = +43 ± 106 km s −1 that corresponds to a tangential velocity anomaly SNR of ∆ G2 = 2.4.
By analogy with Wolf 28 (Sect. 6.11), the radius of its progenitor while on the red giant branch was of the order of 500 R , therefore setting a minimum orbital radius of ≈ 2.5 au. Fig. 24 shows the range of possible (m 2 , r) pairs. The presence of a companion with a mass of 1 − 5 M J orbiting at a radius of 3 − 100 au (that is, an angular separation of 0.6 − 22 ) would explain the observed signal. Interestingly, McGill et al. (2018) recently predicted a microlensing event that will occur in November 2019 and involve LAWD 37 as the lens. Based on the GDR2 catalog, Bramich (2018) further predicted that LAWD 37 will create 9 microlensing events until 2026. The observation of these events may confirm the presence of an orbiting planet.
HD 42581 (GJ 229)
HD 42581 (GJ 229) hosts the brown dwarf GJ 229 B Oppenheimer et al. 1995) . The brown mass is estimated to 29 − 39 M J from the two best-fit models of Nakajima et al. (2015) . Its discovery separation from its parent star is 7.8 from the main star, that is, r = 45 au at the distance of HD 42581 ( G2 = 173.725 ± 0.054 mas). Fig. 25 shows the range of (m 2 , r) pairs that explain the observed PMa, together with the position of the brown dwarf in this diagram. One unknown of the determination of its parameters is the true value of its orbital semi-major axis. The value we adopt is the measured separation of r = 45 au, but it may naturally be larger or smaller depending on the orbital phase and eccentricity. For this separation, we determine a mass of m 2 = 23 +7 −3 M J for the brown dwarf, assuming a mass m 1 = 0.56 M for the primary. This is slightly lighter than the lower mass best-fit model of Nakajima et al. (2015) , that predict m 2 = 29 M J , T eff = 800 K, and log g = 4.75 and an age of 1.1 Ga, but consistent within the error bars.
e Eri (HD 20794)
The solar analog e Eri (GJ 139, HD 20794, spectral type G6V) was found by Feng et al. (2017a) to show evidence in radial velocity for the presence of at least 3 telluric planets with masses of a few times the Earth and orbital radii of 0.1 to 0.5 au. Indications were also found for the existence of three additional planets, the most distant orbiting at 0.9 au with a minimum mass around 10 M ⊕ .
We detect a significant PMa on e Eri, with a residual tangential velocity of ∆v tan,H = 25.0±8.3 m s −1 at Hipparcos epoch, and ∆v tan,G2 = 111.0 ± 24.7 m s −1 at GDR2 epoch. We note however the presence of a significant excess noise in the GDR2 astrometric solution ( i = 1.3 mas), although the RUWE is low at = 1.0. As for β Pic (Sect. 6.19), the Hip2 data is more precise than the GDR2 PM vector, and we therefore examine the PMa from the Hip2 values. Fig. 26 , the residual observed at GDR2 epoch corresponds to a plausible mass range of 2 to 8 M J for orbital radii of 3 to 30 au. The presence of a massive jovian planet on a wide orbit, in addition to inner telluric planets would make e Eri a promising analog of the solar system.
TW PsA (Fomalhaut B)
Mamajek (2012) demonstrated that the K4Ve dwarf TW PsA (Fomalhaut B, HD 216803, GJ 879) is a likely a bound stellar companion of the bright planet host star Fomalhaut A (α PsA, GJ 881). It forms a triple system with the M4V low mass dwarf Fomalhaut C (LP 876-10) ). We detect a significant tangential velocity anomaly of ∆v tan,G2 = 18.7 ± 6.4 m s −1 on TW PsA in the GDR2. This relatively low velocity could indicate the presence of a moderately massive companion in orbit (Fig. 27) . But the gravitational interaction with its massive stellar neighbor Fomalhaut A, located at a distance of only 0.28 pc (≈ 58 kau), is expected to induce an orbital velocity anomaly on TW PsA at a level comparable to the detected value. This object is therefore an interesting example of a star in a relatively complex gravitational environment, for which the astrometric detection of planetary mass companions will require a modeling of the multiple stellar system.
HD 103095 (Gmb 1830)
HD 103095 (Gmb 1830, GJ 451, HIP 57939) is a very metalpoor dwarf ([Fe/H]=-1.29; Mishenina et al. 2017 , see also Jofré et al. 2014 ) with a spectral type K1V (Creevey et al. 2012; Karovicova et al. 2018 ) and a very high space velocity of v tot = 322 km s −1 . HD 103095 is one of the 34 Gaia benchmark stars that were selected to serve as references for the calibration of the Gaia catalog (Heiter et al. 2015) .
We do not detect any significant tangential velocity anomaly on this star (∆v tan,G2 = 1.0 ± 5.0 m s −1 ). This allows us to set a limit to the mass of possible planetary companions of 0.5 M J between 2 and 8 au, and 1 M J up to 30 au. We formally exclude the existence of the M dwarf companion on a r ≈ 13 au orbit discussed by Beardsley et al. (1974) , and more generally the existence of any stellar mass companion to HD 103095. Although spectroscopic evidence for planetary contamination of some metal-poor stars has been recently presented by Reggiani & Meléndez (2018) , the formation of massive planets around metal poor stars is still largely an open question. Due to the low density and depth of absorption lines in their spectra, these stars are unfavorable targets for high precision radial velocity surveys. Astrometric measurements are however unaffected, and future Gaia releases will provide a statistical view of the presence of massive planets around old population, metalpoor stars.
51 Peg
The discovery of the sub-jovian mass companion of the otherwise unremarkable G2IV subgiant 51 Peg by Mayor & Queloz (1995) resulted in the spectacular development of the field of exoplanet research. We detect a relatively strong PMa on 51 Peg at an SNR ∆ G2 = 3.0, indicative of the presence of an orbiting companion. Fig. 29 shows the range of (m 2 , r) combinations that would explain the observed PMa. 51 Peg b, with an estimated mass of m sin i = 0.47 M J and an orbital semi-major axis of a = 0.052 au (period P orb = 4.2 d) has a negligible influence on the PMa. A visual companion of 51 Peg has been identified by Roberts et al. (2011) at a projected separation of 2.87 , that is, at a linear separation of r = 44 au (dashed grey line in Fig. 29 ). At this orbital radius, the PMa that we measure from the GDR2 would correspond to a mass of m 2 = 19 +1 −6 M J for this companion (dashed red line in Fig. 29) , that is not compatible with the observed magnitude difference ∆I = 10 ± 0.7 listed by Roberts et al. (2011) . We therefore conclude that this object is a field star unrelated to 51 Peg.
Based on the observed PMa signal, we propose that another massive object is present in the 51 Peg system, following the (m 2 , r) distribution presented in Fig. 29 . It could range from a 6 M J at r = 3 au, up to a brown dwarf of several tens of M J at r > 100 au. The position angle of the PMa (θ = 349 ± 11 deg) would possibly favor a presence of the companion in the East or West quadrants of the star. Luhman & Jayawardhana (2002) obtained upper limits on the possible mass of companions of 51 Peg of ≈ 100 M J at r = 10 au and ≈ 20 M J at r = 50 au, but do not constrain companion masses beyond this radius.
6.18. τ Boo τ Boo (HD 120136, GJ 527) is a known binary stellar system, with a stellar companion orbiting at a semi-major axis of 8.01 (Roberts et al. 2011) corresponding to 125 au. The spectral type of the companion determined by Hale (1994) corresponds to an M2V star, of a mass of m 2 ≈ 0.44 ± 0.05 M (Pecaut & Mamajek 2013) . The orbital motion induced by the stellar companion τ Boo B is fully in agreement with the observed PMa (Fig. 30) .
The exoplanet τ Boo b discovered by Butler et al. (1997) , with a mass of 4.1 M J , n orbital radius r = 0.046 au, and an orbital period P orb = 3.3 d, has a negligible signature on the PMa. b (Lagrange et al. 2009 (Lagrange et al. , 2010 . The orbital parameters of this planet were determined e.g, by Wang et al. (2016) (see also Chauvin et al. 2012; Millar-Blanchaer et al. 2015) . It has a semi-major axis of a = 9.7 au and an orbital period of P orb = 22.5 years. We discuss separately the analysis of the GDR2 and Hipparcos measurements of β Pic in the following sections.
Gaia astrometry
β Pic is absent from the Gaia DR1, and its GDR2 measurement of the PM is affected by large uncertainties of 0.74 mas a −1 , that is, five times larger than the PM error bars in the Hip2 catalog (that are around ±0.13 mas a −1 ). They result in similarly large uncertainties in the corresponding PMa (Table 1 ). The high brightness of β Pic (m G = 3.7) is close to the saturation limit of Gaia, and the measurements are probably affected by instrumental effects that degrade their accuracy. The RUWE (Sect. 4.5) however remains limited at = 1.2, showing that the quality of the astrometric fit of β Pic does not differ significantly from the other stars of similar color and brightness, and that the error bars on the determined parameters are likely reliable.
The GDR2 record of β Pic lists a high value of the astrometric excess noise i = 2.14 mas (Table 1) , that indicates that the astrometric fit shows the presence of significant residuals. It is unlikely that these residuals are caused by the astrometric reflex motion induced on β Pic A by planet b, as its orbital period is too long compared to the 22 months observing window of the GDR2. Its influence will be limited to a shift of the PM vector of star A and not induce a noise on the astrometric fit. This is even truer as the planet position was close to conjunction at epoch 2015.5, meaning that the reflex motion of β Pic A was very close to linear uniform. So the presence of excess noise could be interpreted in terms of the presence of a second planet with an orbital period of the order of δt G2 , but due to the difficulty to measure saturated star images, an instrumental origin cannot be excluded.
Hipparcos astrometry
Following an approach similar to ours, Snellen & Brown (2018) determined from a combined analysis of the Hipparcos epoch astrometry and GDR2 position that the mass of the planet β Pic b is m b = 11 ± 2 M J . These authors determined the PMa of β Pic by subtracting the Hip-GDR2 mean PM vector that they computed from the Hip2 epoch astrometry positions of β Pic. We note the excellent agreement of our µ HG mean PM vector with their determination. We estimate the shift of the GDR2 position of β Pic A relative to Hip due to the reflex orbital motion of b to [dα, dδ] = [+1.3, +0.8] mas (for m b = 11 M J ), in agreement with Snellen & Brown (2018) . We however neglect this position shift for homogeneity with our other targets.
Adopting the orbital parameters from Wang et al. (2016) , a mass of m A = 1.70 M for the primary and the mass m b = 11 M J determined by Snellen & Brown (2018) , we expect a tangential reflex orbital velocity of ∆v tan,A = 73.5 m s −1 at a position angle θ = 211.3 deg for β Pic A in average over the observing period of Hipparcos (1989 Hipparcos ( .85 to 1993 ). If we adopt the mass of m b = 12.9 M J determined by Chilcote et al. (2017) from spectroscopy of the planet, the predicted reflex velocity becomes ∆v tan,A = 86.1 m s −1 . The tangential velocity anomaly that we obtain from the Hip2 catalog PM vector corresponds to ∆v tan,A = 82.7 ± 17.5 m s −1 , within 0.5σ with the predicted velocity using both mass values for planet b. The position angle of the PMa vector is θ = 199.1 ± 8.1 deg is also similar to the predicted value within 1.5σ. At the known orbital radius of planet b (r = 9.7 au), we obtain a mass range of m 2 = 13.7 +6 −5 M J . The left panel of Fig. 31 shows the (m 2 , r) domain that we predict for planet b from the PMa of Hipparcos, compared to the mass of β Pic b from Snellen & Brown (2018) (red dot). Although the agreement is good between the observed Hip2 PMa and the expected value from β Pic b, we can test for the presence of a residual after subtraction of its contribution (assuming a mass of 11 M J ). The range of possible planet-radius combination (m 2 , r) corresponding to the residual PMa after the vector subtraction of the contribution of β Pic b is represented in the right panel of Fig. 31 . We also display the planetary mass limits summarized by Lagrange et al. (2018) , and the combined limit with our PMa analysis. The permitted properties of an additional planet in the β Pic system are represented by the hatched area in Fig. 31 , and exclude in particular a planet more massive than m 3 = 5 M J orbiting beyond 4 au (1σ).
Conclusion
The combination of the Hipparcos and Gaia DR2 positions provides extremely accurate long-term PM vectors for a large number of stars. The improved parameters from the Gaia DR2 (position, parallax and PM) confirm that Proxima is gravitational bound to α Cen and the orbital parameters determined by Kervella et al. (2017) . A divergence of the instantaneous PM vector of a star with respect to this long-term trend can be interpreted in terms of the presence of an orbiting massive companion. Thanks to the generally excellent accuracy of the GDR2 PM vectors, the sensitivity of the PMa indicator to the presence of companions goes well into the planetary mass regime. The sensitivity of the PMa being a linear function of the distance, it is most discriminating for the nearest stars, with e.g., mass limits below Saturn's mass for the nearest red dwarf Proxima. We confirm the ubiquity of substellar mass companions, and we find an emerging bimodal distribution in the distribution of the companion masses (Fig. 9) . The present work represents a first exploration of the possibilities offered by Gaia on the detection of low mass companions. The availability of epoch astrometry in the future Gaia data releases will enable a much more detailed survey of the physical properties of the companions of stellar and substellar mass orbiting nearby stars.
